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An attempt was made to apply rocket immunoelectro- 
phoresis (RIE) technique for the determination of sero­
logical differentiation index (SDI) values between three 
British strains of turnip yellow mosaic virus (TYMV) 
based on the height of »rocket« precipitates. The experi­
ments were conducted in l°/o agar gel containing anti­
serum to Edinburgh (E) strain of the virus, the holes 
being charged separately with purified E and two other 
strains. Following experiments with E strain in several 
subsequent twofold dilutions, a calibration graph showing 
linear proportionality was drawn in a coordinate system 
determined by steps of virus dilutions and logarithm of 
»rockets« heights. By interpolation procedure SDIs of two 
heterologous strains against E were found fairly comparable 
with SDI values obtained by double radial immunodiffusion 
technique.
I n t r o d u c t i o n
In the determ ination of serological differentiation index (SDI) sho­
wing degree of serological relatedness of two viruses, the  viruses are 
compared on the basis of antiserum  (or virus) titre  in the homologous and 
heterologous reactions ( V a n  R e g e n m o r t e l  and V o n  W e c h m a r  
1970; H a m i l t o n  et al. 1981). This has been perform ed in precipitin 
tests, either in  liquid or in gel medium, in  the  tube or on the  slide, the
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num ber of twofold dilution steps separating the usually higher homo­
logous titre  and the heterologous one giving SDI value ( V a n  R e g e n -  
m o r t e l  1982). The difference between the equivalent homologous and 
heterologous reaction should give the same value.
The above mentioned techniques are generally accepted in virus 
research, however the titre  of the equivalent reactions cannot always 
be determ ined quite precisely. J  a e g 1 e and V a n  R e g e n m o r t e l  
(1985) and K r a j a c i c  et al. (1990) dem onstrated m ore precise deter­
mining SDIs using ELISA and single radial immunodiffusion (SRID) te­
chniques, respectively. This paper presents an attem pt to use rocket 
(quantitative) immunoelectrophoresis (RIE) technique (L a u r  e 11 1966) 
for m easuring SDI. RIE has been successfully used for antigen quantita­
tion in biochemistry, medicine, botany and plant virology ( H a v r a n e k  
1978a, R e i c h e n b a c h e r  e t a l .  1979, T o b i a s  et al. 1979).
M a t e r i a l s  a n d  M e t h o d s
Three British strains of tu rn ip  yellow mosaic virus (TYMV), »Edin­
burgh« (E, type), »Northumberland« (N) and S ( M a t t h e w s  and 
R a l p h  1966, M a m u l a  1985) were investigated using antiserum  ho­
mologous to the E strain  which had a titre  of 1/512. The viruses were 
partially  purified from systemically infected turnip (Brassica rapa L. 
cultivar. rapa) leaves by clarification w ith chloroform (2.5 : 1, v  : v) and 
two cycles of differential centrifugation (90,000 g/90 min and 4,000 g/15 
min).
A glass plate 5 x 5  cm was layered w ith 5 ml of phosphate buffered 
agar gel (0.066 M pH 7.0, l°/o Noble agar, O.P/o sodium azide) after mixing 
4.75 ml of the agar solution w ith 0.25 ml of the antiserum  at 50’C. Virus 
samples w ere applied to  the antigenic holes and electrophoresis was 
perform ed overnight at 20 V/cm of the gel. The twofold buffer molarity 
in the apparatus vessels ensured b etter electrophoretic movement of 
virus particles. The height of the »rockets« vas measured in millimetres 
on twice enlarged photographs starting from  the m iddle of the hole 
towards the anodic end of the »rocket«.
R e s u l t s  a n d  D i s c u s s i o n
The quantitative immunoelectrophoresis is represented by the simul­
taneous electrophoretic m igration and im munoprécipitation of antigens 
in  antibody-containing gel. The developed im munoprecipitin pattern  de­
pends on th e  relationship between the concentrations of the  reactants 
in the system  ( W e e k e  1973) the quantitation of antigens being perfor­
med through the height of the »rockets«. As H a v r a n e k  (1978b) po­
ints out, there is no linear relationship between the relative virus con­
centration and the »rocket« height bu t the logarithmic expression of the 
data significantly linearizes the whole dilution curve.
O ur attem pt is based upon the presum ption th a t equally concentra­
ted virus strains, like d ifferent concentrations of the  same virus isolate, 
produce quantitatively different patterns. According to this assumption 
the »rocket« height produced by related viruses should be proportional 
to the degree of their antigenic homology.
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Fig. 1. Precipitin patterns (»rockets«) of twofold dilutions of TYMV-E strain 
obtained by rocket (quantitative) Immunoelectrophoresis (RIE) in gel 
containing homologous antiserum. 1/1 = 1 mg/ml. Twice enlarged.
Fig. 2. Precipitin patterns of equally concentrated (1 mg/ml) TYMV strains E, 
N and S obtained by RIE in gel containing antiserum to E strain. 
Twice enlarged, (conf. Fig. 1)
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Fig. 3. Linear relationship between twofold dilution step (TDS) of TYMV-E 
strain (ordinate) and logarithm of »rocket« height (log h; abscisse) in 
RIE experiments. SDI =  serological differentiation index; log hn, log 
hs = log »rocket« height of heterologous TYMV strains N and S; 
SDIn, SDIs =  SDI of strains N and S. (conf. Fig. 1)
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The homologous virus preparation (E) was diluted w ith the neutral 
phosphate buffer to obtain a series of dilutions comprising th e  following 
dilution ratios: 1/1 (the starting undiluted sample 1 mg/ml), 1/2, 1/4 and 
1/8. These were applied into the  holes in the gel and subjected to the  
electric field. Figure 1 demonstrates the patterns obtained in  this expe­
rim ent. When steps of twofold dilutions instead of relative concentration 
w ere plotted (ordinate) against logarithm  of the  »rockets« height (abscis- 
se), the  graph revealed linear relationship between the  tw o param eters 
(Fig. 3). Following »rocket« height of the  heterologous viruses N and S 
(Fig. 2) it  was possible to read out on the ordinate (Fig. 3) the respective 
SDI values which were 3 (SDIn) and 0.5 (SDIs). In comparison w ith these 
results the SDI of 3 (N) and 1 (S) w ere obtained in double radial immu­
nodiffusion (DRID) experiments, and also those of 3.2 and 0.9, respecti­
vely, in SRID experiments (M a m u  1 a 1985, K r  a j a c i c et al. 1990).
The results of our experim ents dem onstrated, to some extent, a consi­
stency w ith the aforestated assumption. However, although the RIE like 
ELISA and SRID enables calculating SDIs in fraction num ber, we find it 
in this perform ance somewhat less accurate than the tw o and even DRID 
techniques. In comparison w ith SRID and DRID, the RIE involves an ad­
ditional experim ental factor, i.e. the influence of the electric current, 
which often acts differently upon different viruses and strains of the 
same virus. Besides, a clear influence of the degree of virus particles 
aggregation on the results of RIE has been dem onstrated ( R e i c h e n -  
b a c h e r  et al. 1981). However, these disadvantages can be overcome 
in RIE perform ance w ith reverse role of the reactants (virus sample in 
the gel and antiserum  in the holes), so th a t homologous and heterologous 
antibodies are allowed to m igrate electrophoretically from  the  starting 
wells. Besides, in the la tter type of experim ent serological relationships 
of elongated viruses could be examined, as they are unable to m igrate 
through the gel.
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S A Ž E T A K
ODREĐIVANJE INDEKSA SEROLOŠKE RAZLIKE MEĐU SOJEVIMA VIRUSA ŽUTOG  
MOZAIKA POSTRNE REPE (TYMV) TEHNIKOM »RAKETNE« IMUNOELEKTROFOREZE
Mladen Krajačić, Đorđe Mamula i Nikola Juretić 
(Botanički zavod Prirodoslovno-m atem atičkog faku lteta  Sveučilišta  u Zagrebu)
Indeks serološke razlike (SDI), jedinica koja pokazuje stupanj serološ- 
ke razlike između virusa i njihovih sojeva, može se m anje ili više preciz­
no odrediti pomoću nekih standardnih seroloških tehnika. U toku ovog 
rada pokušali smo taj indeks izm jeriti »raketnom« (kvantitativnom) imu- 
noelektroforezom (RIE) na  osnovi veličine (visine) im unoprecipitata ob­
lika rakete. U pokusima smo koristili purificirane sojeve E (tipični soj), N 
i S virusa žutog mozaika postrne repe (turnip yellow mosaic virus; 
TYMV) koji potječu iz V. B ritanije i im uni serum protiv soja E koji je 
bio pomiješan s l°/o agarskim gelom. Na osnovi pokusa sa sojem E u 
nekoliko uzastopnih dvostrukih razrjeđenja (1 do 1/8 mg/ml) našli smo li­
nearnu ovisnost između stupnja razrjeđenja virusa i logaritm a visine 
»raketa«. Interpolacijskim  postupkom našli smo da su SDI vrijednosti 
heterolognih sojeva bile prilično podudarne s onima koje su bile izmjere­
ne tehnikom  dvostruke radijalne imunodifuzije.
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